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Improving results for carotid artery stenting by
validation of the anatomic scoring system for
carotid artery stenting with patient-specific
simulated rehearsal
Willem I. M. Willaert, MD, PhD,a,b Nicholas J. Cheshire, MD, FRCS,a
Rajesh Aggarwal, MD, PhD, FRCS,a Isabelle Van Herzeele, MD, PhD,b Gerard Stansby, FRCS, MD,c
Sumaira Macdonald, FRCP, FRCR, PhD,d and Frank E. Vermassen, MD, PhD,b on behalf of the
European Virtual Reality Endovascular Research Team (EVERest), London and Newcastle upon Tyne,
United Kingdom; and Ghent, Belgium
Objective: Carotid artery stenting (CAS) is a technically demanding procedure with a risk of periprocedural stroke. A
scoring system based on anatomic criteria has been developed to facilitate patient selection for CAS. Advancements in
simulation science also enable case evaluation through patient-specific virtual reality (VR) rehearsal on an endovascular
simulator. This study aimed to validate the anatomic scoring system for CAS using the patient-specific VR technology.
Methods: Three patients were selected and graded according to the CAS scoring system (maximum score, 9): one easy
(score, <4.9), one intermediate (score, 5.0-5.9), and one difficult (score, >7.0). The three cases were performed on the
simulator in random order by 20 novice interventionalists pretrained in CAS. Technical performances were assessed using
simulator-based metrics and expert-based ratings.
Results: The interventionalists took significantly longer to perform the difficult CAS case (median, 31.6 vs 19.7 vs 14.6
minutes; P < .0001) compared with the intermediate and easy cases; similarly, more fluoroscopy time (20.7 vs 12.1 vs 8.2
minutes;P< .0001), contrast volume (56.5 vs 51.5 vs 50.0mL;P .0060), and roadmaps (10 vs 9 vs 9;P .0040)were used.
The quality of performance declined significantly as the cases became more challenging (score, 24 vs 22 vs 19; P < .0001).
Conclusions: The anatomic scoring system for CAS can predict the difficulty of a CAS procedure as measured by
patient-specific VR. This scoring system, with or without the additional use of patient-specific VR, can guide novice
interventionalists in selecting appropriate patients for CAS. This may reduce the perioperative stroke risk and enhance
patient safety. ( J Vasc Surg 2012;56:1763-70.)
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0Carotid artery stenting (CAS) remains a complex and
technically demanding endovascular procedure designed to
reduce the stroke risk in patients with asymptomatic or
symptomatic carotid artery disease. Although it may seem
less invasive and less traumatic than carotid endarterectomy
(CEA), numerous large randomized trials have not been
able to resolve the controversy surrounding CAS because
periprocedural stroke rates appear to be higher in a general
patient population with atherosclerotic carotid disease.1
However, the most recent and largest prospective study,
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hhe Carotid Revascularization Endarterectomy vs Stenting
rial (CREST), comparing the two treatment strategies,
emonstrated similar safety and long-term outcomes for
he composite end point of stroke, myocardial infarction,
nd death for symptomatic and asymptomatic patients.2
hese results have led the U.S. Food and Drug Adminis-
ration advisory panel to recommend an expanded indica-
ion for CAS to include the treatment of patients at stan-
ard surgical risk in addition to high-risk patients.3
What these trials have concurrently highlighted is that
AS outcomes are influenced by patient-related as well as
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lesion characteristics.4-6 Operator experience with CAS
also has a significant effect on procedural outcomes.4,7-11
Therefore, experts in the field now advocate that interven-
tionalists should have sufficient basic endovascular experi-
ence and be adequately trained and experienced in the CAS
procedure before independent practice.12,13
To meet this goal, a scoring system was developed in
2009 for CAS by experts to evaluate the influence of
anatomic factors on procedural difficulty.14 The aim of this
scoring system is to grade expected difficulty and so guide
inexperienced operators in case selection for CAS by allow-
ing more adequate identification of high-risk patients. The
use of this scoring system might reduce periprocedural
stroke rates by the selection of patients appropriate to the
operator’s level of expertise. However this scoring system
has not yet been validated by correlating difficulty scores for
specific anatomy to procedural performance or CAS out-
come.
Patient selection for CAS is not only facilitated by the
aforementioned scoring system, but recent technologic
advancements in simulation science also make it possible to
incorporate patient-specific data into simulations and assess
case difficulty for CAS on a high-fidelity, endovascular,
virtual reality (VR) simulator. These patient-specific VR
rehearsals are created by uploading and reconstructing
the patient’s computed tomography or magnetic reso-
nance image Digital Imaging and Communications in
Medicine (DICOM) data of the arch and carotid vessels
in the simulation software.15 Research has shown that
these VR rehearsals resemble the real intervention, may
increase operative performance, andmay steer endovascular
tools selection and fluoroscopy use, especially for less expe-
rienced interventionalists.15-20
This study set out to validate the scoring system for
anatomic suitability for CAS using patient-specific VR re-
hearsal by evaluating the performance of novice interven-
tionalists on the simulator performing an easy, intermedi-
ate, and difficult case, as defined by the scoring system.
METHODS
Participants. Twenty novice interventionalists (vascu-
lar surgeons, radiologists, and neuroradiologists) provided
informed consent and participated in the study. Inclusion
criteria for participants consisted of a minimum of:
● Five arch and/or visceral and/or peripheral vessel
angiographies, and/or
● Five angioplasty and/or stenting procedures of ex-
tracranial, visceral, or peripheral arteries, and/or
● Five thoracic or abdominal endovascular aortic repair
placements and/or cannulation of a contralateral limb.
CAS training. Before the actual data collection, all
participants underwent standardized training in CAS. Par-
ticipants attended a 25-minute video lecture on carotid
artery disease and stenting. The content was based on
training requirements identified by expert consensus,21 and
the video was approved by two independent CAS experts eor content and quality. The technical training consisted of
hree 90-minute sessions. The novice interventionalists
ere trained in the steps of CASwith a preset generic virtual
AS case available on the simulator using documented
echniques.22 Subsequent challenging generic cases, con-
isting of a bovine arch and type III arch, allowed for skills
cquisition in different techniques of cannulation, using an
rray of endovascular tools.
Anatomic scoring system. A detailed description of
he scoring system for anatomic suitability for CAS is
escribed in a previous report.14 In brief, this system aids
ovice interventionalists in assessing CAS case difficulty
y categorizing patients on the basis of arch and carotid
natomic criteria. The scoring system has been derived
y objective expert opinion using a Delphi consensus
ethodology. Anatomic characteristics of the arch and
arotid arteries are graded from 1 (straightforward) to 9
difficult).
The consensus document incorporated 12 individual
natomic features, allowing for 96 anatomic combinations,
ncluding vessel tortuosity, arch configuration, extent of
therosclerotic disease, and lesion configuration. A scoring
ystem for combination anatomy was produced, compris-
ng broad agreement bands presented as traffic light colors:
ed for particularly difficult anatomy (score, 7.0), amber
or moderate difficulty (score, 5.0-5.9), and green for lesser
ifficulty (score,  4.9; Fig 1, A).
Simulator device. The Simbionix PROcedure re-
earsal studio software (Simbionix USA Corp, Cleveland,
hio) was used to create the three-dimensional (3D) re-
onstruction of three patient cases, one from each traffic
ight color according to the anatomic scoring system. These
econstructions used computed tomography angiography
CTA) data from actual patients. The training and the three
ctual patient cases during data collection were performed
n the AngioMentor Express simulator (Simbionix USA
orp) in the laboratory environment. The specifics of this
ommercially available endovascular simulator are dis-
ussed in a previous report.15
Simulated real patient cases. All cases used in the
resent study were based on data from actual patients.
hree cases were chosen from a pre-existing database of
5 patients with a 3D reconstruction on the Simbionix
ROcedure rehearsal studio. A 3D model had previously
een created for each case using the PROcedure Rehearsal
tudio software’s volume-rendering technique and the pa-
ient’s CTA by a technique described in a previous report.15
ne case was chosen for each traffic light color from the
coring system, and a multidisciplinary team verified that
ach case met the respective anatomic requirements of a
reen, amber, and red case.
The green case (Fig 1, B) was a 72-year-old man with a
ype I arch and an asymptomatic 90% stenosis of the left
nternal carotid artery (ICA). This specific CAS case was
lassified as relatively low anatomic risk for an inexperi-
nced interventionalist, with a score of 2.4. The amber case
as an 82-year-old man presenting with aphasia. The CT
valuation revealed an 80% stenosis of the left ICA with an
JOURNAL OF VASCULAR SURGERY
Volume 56, Number 6 Willaert et al 1765Fig 1. A, The scoring system for anatomic suitability for carotid artery stenting (CAS). B, Patient-specific cases
selected according to this scoring system are classified as (left) green, (middle) amber, and (right) red.CCA, Common
carotid artery; ECA, external carotid artery; ICA, internal carotid artery.
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a bovine arch configuration (anatomic score, 5.9; Fig 1, B).
The red case was an 82-year-old woman with a symptom-
atic right-sided carotid lesion (80% stenosis; Fig 1, C). The
anatomy revealed a type II arch with extreme tortuosity in
the CCA and thus difficult access to the lesion in the ICA
(anatomic score, 8.4).
Study design. After completing the cognitive and
technical training sessions in CAS, all participants were
enrolled into the study 5 days. Each participant per-
formed a green, amber, and red case during one session in
a random order to avoid residual learning effects, with a
5-minute interval between each case. A physician was pres-
ent during each procedure and acted as a scrub nurse and
radiographer, providing passive assistance by selecting the
desired tools and fluoroscopy preferences on the simulator,
as indicated by each participant.
After completion of each case, the participants filled out
a subjective questionnaire evaluating each step of the case
(ie, cannulation, lesion crossing, stenting, etc) and the
perceived procedural difficulty. Questions were answered
on a 5-point Likert scale, with 1 representing a very easy
step and 5 a very difficult section.
Performance evaluation. Dexterity metrics, such as
the total procedure time, fluoroscopy time, contrast vol-
ume, and number of roadmaps, were derived from simula-
tor recordings. The time required to catheterize the CCA
and the ICA, and the total time that the embolic protection
device (EPD) was deployed in the ICA, were measured
from post hoc video analysis. The fluoroscopy screen and
hand movements of the interventionalist during the simu-
lated CAS procedures were videotaped. These videos were
reviewed post hoc (W.W., I.v.H.) to assess the quality of the
interventionalists’ performance using the Objective Struc-
tured Assessment of Technical Skills (OSATS)-derived ge-
neric endovascularGlobal Rating Scale (GRS) andProcedure-
Specific Rating Scales (PSRS) for CAS.23 The reviewers
were blinded to the participants’ identity and the order in
which they had performed the three cases.
Data analysis. Data were analyzed with SPSS 17.0
software (SPSS, Chicago, Ill) using nonparametric tests.
The performance metrics of the green, amber, and red CAS
cases were compared using the Kruskal-Wallis test for con-
tinuous variables and with the Mann-Whitney U test of
intergroup comparison. Inter-rater reliability between the
two video assessors was calculated with the Cronbach 
statistic. A P  .0500 is considered statistically significant
for the metrics and a Cronbach  0.700 as reliable for the
video assessment. All data are expressed as medians unless
otherwise indicated.
RESULTS
Participant demographics. The characteristics of the
novice interventionalists are summarized in the Table. All
participants enrolled in the study completed the training
sessions and actual cases, thus full data sets were available.
Dexterity metrics. The performance of the novice
interventionalists was significantly influenced by the vary- sng difficulty of the cases based on the anatomic scoring
ystem (Fig 2, A and B). The total procedure time signifi-
antly increased with increasing case difficulty (median,
4.6 vs 19.7 vs 31.6 minutes; P  .0001); similarly more
uoroscopy time was used (8.2 vs 12.1 vs 20.7 minutes;
 .0001), more contrast was injected (50.0 vs 51.5 vs
6.5 mL; P .0060), and more roadmaps were taken (9 vs
vs 10; P  .0040) to treat the easier case (green) vs the
ntermediate (amber) and difficult cases (red). If the proce-
ures were analyzed by their core elements, the total time
eeded to catheterize the CCA (2.8 vs 7.0 vs 15.8 minutes;
 .0001) and the ICA (1.3 vs 1.1 vs 1.7 minutes; P 
0020) rose significantly with increasing case severity.
owever, the total time the EPD was deployed in the ICA
or the green, amber, and red cases (6.0 vs 6.3 vs 6.7
inutes; P  .4340) was comparable.
Qualitative metrics. The quality of the performance,
s measured by expert-based ratings, declined significantly
s the cases became more difficult for the GRS (median
cores, 30 vs 27 vs 25; P  .0001) and the PSRS (median
cores, 24 vs 22 vs 19; P .0001; Fig 2, C). For the PSRS,
he performance of the red case (median score, 19) fell
nder the arbitrary score of 21, indicating adequate perfor-
ance. The inter-rater reliability for both rating scales was
igh (Cronbach   0.78 and   0.80, respectively).
Subjective questionnaire. The participants found the
ed case to be significantly more difficult than the amber or
reen cases (median scores, 4 vs 3 vs 2; P  .0001);
able. Demographics of study participants
ariable
No. or
mean  SD
articipants, No. 20
ears of training 8  1
peciality
Vascular surgery 15
Interventional radiology 4
Neuroradiology 1
ge, years 33  2
ndovascular procedures, No.
Number observed 406  308
Number performed 200  155
revious VR simulation experience 20/0
revious CAS experience 0/20
atheterizations performed, No.
Arch 18  68
Visceral 10  24
Peripheral 126  115
TA(S) performed, No.
Arch 2  4
Visceral 8  23
Peripheral 99  112
Intracranial 6  17
T)EVAR performed, No.
Placement 16  24
Catheterization of limbs/branches 9  20
AS, Carotid artery stenting; PTA(S), percutaneous transluminal angio-
lasty (stenting); SD, standard deviation; (T)EVAR, thoracic or abdominal
ndovascular aortic repair; VR, virtual reality.imilarly, the amber case was rated significantly more diffi-
JOURNAL OF VASCULAR SURGERY
Volume 56, Number 6 Willaert et al 1767Fig 2. Outcomes of carotid artery stenting (CAS) on the virtual reality simulator are shown. A, Procedure time (left)
and fluoroscopy time (right) for each case. B, Contrast use (left) and number of angiographies (right) for each case.
C, Qualitative performance of each case, as measured by the Global Rating Scale (GRS) (left) and Procedure Specific
Rating Scale (PSRS) (right). The horizontal line in the middle of each box indicates the median; the top and bottom
borders of the boxmark the 75th and 25th percentiles, respectively, and thewhiskersmark the 90th and 10th percentiles;
the black circles indicate outliers; and the dotted lines in C represent arbitrary level of competent performance.
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was the more complicated cannulation of the target vessels
with the selective catheter (4 vs 3 vs 2; P  .0001) and
sheath or guiding catheter (4 vs 2 vs 2; P  .0001) with
increasing case difficulty. Correct placement of the EPD
was also deemed more difficult (4 vs 2 vs 2; P  .0060).
Overall, procedure rehearsal was deemed useful for case
evaluation, particularly for the red case (5 vs 4 vs 4; P 
.0010).
DISCUSSION
The CAS procedure constitutes a technically demanding
endovascular procedure, with a serious risk of causing cerebral
stroke. Landmark trials comparing CAS with CEA have high-
lighted patient-specific and operator-dependant factors that
influence outcome after CAS.1,2 Patient-specific factors in-
clude those related to comorbidity4-6 and anatomy. The
risk for periprocedural stroke is higher in patients with an
unfavorable aortic arch (type III, bovine, arch calcifica-
tions), specific carotid anatomy (vascular tortuosity), and
certain lesion characteristics (free-floating thrombus, heavy
circumferential calcification, long string-like lesions of
15 mm, ostial involvement).4,9,10,13,24-26
To address this issue, an anatomic scoring system was
devised by expert consensus in 2009.14 This system sets out
to aid (novice) interventionalists in appropriate patient
selection for CAS and may also indirectly facilitate the
choice of endovascular material and technique for specific
anatomic configurations. This patient-tailored approach
has been advocated by CAS experts to improve overall
results with the procedure.6,8,27 Apart from medical opti-
mization, CAS device refinement, increased training, and
rigorous credentialing, patient selection also seems to be a
key factor associated with improving success after CAS.
Before widespread implementation, the value of any
clinical scoring system must be proven by scientific valida-
tion. This can be achieved by correlating proposed scores
with operative results and patient outcomes. However, this
is not as straightforward as it may seem because accurate,
prospective validation requires inclusion of a sufficient
amount of patient cases to be able to draw definitive con-
clusions. In the case of CAS, this necessitates multicenter
collaboration to aid patient recruitment, usually for an
extensive period. Furthermore, variables such as operator
experience, endovascular material choice, and specific pa-
tient cohorts all need to be standardized to prevent trial
results from being confounded by mixed inclusion param-
eters. This is difficult and impractical to accomplish in a
clinical setting.
In contrast, patient-specific simulated VR rehearsal
seems an ideal tool to meet these requirements. It allows
rapid and safe pseudo-real evaluation of scoring models in a
standardized manner and could prove to be highly cost-
effective. Because the patient-specific rehearsal module on
endovascular simulators predominately provides informa-
tion on various anatomic characteristics, it is perfectly
suited to assess the anatomic scoring system for CAS.
Nonetheless, a limitation of the current generation of sim- Elators is that they do not provide procedural information
n plaque friability and embolization risk of individual arch
r carotid atherosclerotic lesions.
Thus, the present study represents the first trial where a
igh-fidelity VR simulator has been used to evaluate pro-
edural difficulty and to validate a procedure-specific scor-
ng system. The results show that the consensus-derived
coring system can adequately help (novice) intervention-
lists in grading CAS case difficulty. The scoring system not
nly differentiates between easy and difficult cases but also
as the fidelity to differentiate intermediate levels of diffi-
ulty. When novice interventionalists performed three CAS
ases of increasingdifficulty, as definedby the scoring table (ie,
reen, amber, and red), it was clear that they required signif-
cantly more time to complete each case, with use of more
uoroscopy time, angiographies, and contrast volume.
If the CAS procedure is broken down into its crucial
teps, it becomes obvious that the most challenging part of
he procedure is the CCA cannulation. Of the 20 partici-
ants, 10 took 15 minutes to catheterize the CCA in the
ed case, compared with two in the amber case, and none in
he green case. Although metrics such as procedure time,
uoroscopy time, and number of roadmaps are not inde-
endent variables signifying clinical success or increased risk
or complications, they do indicate that if such a red case
as performed in real life by novice interventionalists, the
xcessive manipulation during the prolonged catheteriza-
ion of the CCA, combined with in situ thrombosis of
ndwelling catheters, might put the patient at a higher risk
f perioperative embolization.
In addition, the quality of the procedure also signifi-
antly deteriorates with increasing case complexity, as mea-
ured by the OSATS-derived rating scales, and falls below
he arbitrary score of competent performance for the red
ase. The dexterity and qualitative results from this study
oth validate the scoring system as a tool to grade expected
ifficulty during CAS for inexperienced operators.
The anatomic scoring systemmay also aid intervention-
lists in selecting cases in accordance with their experience
evel at any given moment in time. With increasing CAS
xperience, the interventionalist can progressively expand
is or her practice to more challenging anatomic configu-
ations in patients with more severe comorbidities or older
ge. This is relevant, because operator experience with the
AS procedure is an important determinant of CAS out-
ome.
In the Pro-CAS registry, the risk of stroke after CAS
ecreased with center experience and increased patient
olume.6 The CREST results support the effect of operator
xperience, as more stringent entry requirements, with
redentialing of carotid interventionalists, seemed partly
esponsible for better results seen with CAS in this trial
ompared with the European randomized trials such as the
nternational Carotid Stenting Study (ICSS), Endarterec-
omy Versus Angioplasty in Patients With Symptomatic
evere Carotid Stenosis (EVA-3S), and Stent-Supported
ercutaneous Angioplasty of the Carotid Artery versus
ndarterectomy (SPACE).2
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also revealed within-trial learning as interventionalists
gained more experience with the CAS procedure during
the course of the study. This increase in procedural profi-
ciency dramatically reduced the death and stroke rates
during the trial, with for example no death or major strokes
occurring in the 197 symptomatic patients who underwent
CAS in the latter stages of recruitment (2007-2008).28
In conjunction with an anatomic scoring system, endo-
vascular VR simulation can also assist interventionalists and
their teams by increasing their experience with CAS. As far
back as 2004, the U.S. Food and Drug Administration
suggested that simulation should be an integral part of the
training program of interventionalists who wish to perform
CAS procedures.29 Previous research has already shown
that VR simulation can reduce the learning curve for CAS
for those new to the procedure.30 With increasing levels of
fidelity, these simulators could also serve to credential
interventionalists and provide an objective tool to ensure
the necessary expertise is present before independent CAS
practice on patients.
In addition, the patient-specific rehearsal capabilities of
the latest generation of endovascular simulators allow the
interventionalist and the team to familiarize themselves
with upcoming cases, evaluate different approaches, iden-
tify potential dangers, and optimize the selection of endo-
vascular tools.16-20 Research has already established that
patient-specific rehearsal can increase the performance of
novice interventionalists performing patient-specific CAS
cases in a simulated environment.19
CONCLUSIONS
The present study validates the anatomic scoring sys-
tem for CAS, which can be used to categorize expected
difficulty by anatomic criteria, especially for novice inter-
ventionalists. The application of the scoring system in con-
junction with a thorough knowledge of the influence of
patient comorbid factors may aid patient selection for CAS
and enhance results with a reduction in procedure-related
complications. Patient-specific VR simulation seems an ex-
cellent adjunct to the scoring system and allows novice
interventionalists and their teams to assess procedure diffi-
culty and rehearse CAS interventions in a safe environment.
VR simulation constitutes an efficient, objective, and po-
tentially cost-effective tool to validate existing and future
scoring systems in a variety of other medical specialties.
These scoring systems, together with the use of VR simu-
lation, may contribute to improved patient safety and out-
come by enhancing preoperative procedure and risk strati-
fication.
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